Introduction
A possible role for cadmium (Cd) toxicity in the pathogenesis of several diseases has been reported in the literature [1] . Cd is an extremely toxic metal and its major sources in humans are food, cigarette smoking and occupational exposure. Food is the major route of exposure to Cd, particularly in the non-smoking population [2] . Estimates of Cd content in beverages and 78 food samples consumed in Nigeria [3] indicate that the concentrations for many foods were higher than those reported for most countries [4] . The highest average concentration of Cd (0.375 mg/kg) was reported in dairy products [5] . In the smoking population on the other hand, Friberg et al. [6] showed that a smoker of 20 cigarettes/day would increase his/her daily intake of Cd by 2-4 g. Cd is widely used in industries for the production of nickel-Cd rechargeable batteries, pigments, plastics and other synthetic products. For the workers in these workplaces, inhalation of Cd fumes can result initially in metal fume fever but may progress to chemical pneumonitis, pulmonary oedema and eventually death [7] . Symptoms of acute Cd exposure can manifest as dysuria, polyuria, dyspnoea, chest pain, irritability, fatigue, headache and dizziness [8] . Environmental exposure to Cd may cause liver injury [9] , kidney damage and tubular proteinuria [10] , cancer in different organs [11] , testicular injury in rats [12] and induce oxidative stress and membrane disturbances in the nerve system [13] . Hellström et al. [14] have shown that exposure to occupational or a relatively low environmental level of Cd appears to be a determinant for the development of endstage renal disease. In addition, Shaikh et al. [10] have suggested that oxidative stress appears to play a major role in chronic Cd-induced hepatic and renal toxicity; however, the administration of antioxidants protected against Cd toxicity. Badisa et al. [11] suggested that Cd in the presence of hydrogen peroxide causes DNA damage probably by the formation of hydroxyl ions. Furthermore, Murugavel and Pari [15] reported a significant increase in plasma lipids, including total cholesterol (TC), low-density lipoproteincholesterol (LDLC), triglycerides (triacylglycerol, TG), free fatty acids and phospholipids following subcutaneous administration of 3.0 mg Cd/kg body weight to rats for a period of 3 weeks. A significant reduction in high-density lipoprotein cholesterol (HDLC) level was also observed by the same author. Cd has been shown to deplete glutathione and protein-bound sulphhydryl groups leading to an enhanced free radical production, oxidative stress and detrimental effects such as peroxidation of lipids, proteins, carbohydrates and DNA molecules [11] . At present, single studies related to the effects of Cd on lipid, lipoproteins and total antioxidant status (TAS) appear sparse. The present study was therefore carried out to determine the possible association between Cd exposure and alterations in plasma lipid and lipoprotein levels and TAS in rats.
Materials and Methods

Experimental Design
Twenty adult male albino rats were obtained for the experiment. They were acclimatized for 2 weeks. Thereafter, the rats were randomly divided into two groups. Group 1 consisted of 10 rats and served as the Cd-exposed group, while group 2 that was also made up of 10 rats served as control. Each animal was assigned a separate cage, allowed free access to drinking water and was fed ad libitum with commercially available rat pellets.
Protocol for Cd Administration
At the end of the acclimatization, the animals in the test group were given 1.0 mg/kg body weight/day intraperitoneally while the control group continued with their normal diet and water without exposure to Cd. Intraperitoneal injection was performed using a needle size/gauge of 25 mm/23-27 gauge after the rat had been restrained. The rat was slightly tilted so that its head was facing towards the floor to allow the abdominal organs to move toward the thoracic cavity while a second operator inserted the needle laterally to the midline, injecting into the lower squares of a quadrant drawn onto the rat's abdomen and thereby avoiding major organs. Administration of Cd lasted for a period of 4 weeks.
Blood Collection, Storage and Analysis
Blood samples were obtained from animals in the test and control groups at the commencement of the experiment. Whole blood (2 ml) was obtained from each animal by tail bleeding after each animal had been anaesthetized with chloroform in a special chamber after 4 weeks of intraperitoneal injection of CdCl 2 . The animals were sacrificed by cardiac puncture and a second set of blood specimens was obtained from each rat. Blood samples were collected into tubes containing lithium heparin as anticoagulant and centrifuged at 3,500 rpm for 5 min. The plasma was separated into a plain tube and stored at -20 ° C. TG and TC in plasma were determined using the enzymatic method of Buccolo and David [16] and Allain et al. [17] , respectively, while HDLC was obtained after precipitation of other lipoprotein fractions [18] . LDLC was calculated using the formula of Friedewald et al. [19] . The TAS was determined using a spectrophotometric method described by Koracevic et al. [20] while the Cd level was estimated using an atomic absorption spectrophotometer [21] . Kidney and liver organs from rats in both the test and control groups were fixed in 10% formalin, processed and stained using the haematoxylin-eosin staining technique [22] .
Statistical Method
Results were expressed as means 8 standard deviation. Pairwise comparison of means was made using the non-parametric t test, and p ! 0.05 was regarded as significant.
Results
At baseline, the mean TC, TG, LDLC, HDLC, TAS and Cd values of the control and test groups ( table 1 ) were similar and the difference was not statistically significant (p value ranged from 0.20 to 0.05). However, after 4 weeks, the mean values of TC (1.08 mmol/l), TG (0.28 mmol/l) and LDLC (0.36 mmol/l) in the control group were significantly lower (p ! 0.0001, p ! 0.0001 and p ! 0.001, respectively) than the corresponding values of the test group (TC = 2.15 mmol/l, TG = 1.49 mmol/l and LDLC = 1.02 mmol/l). The mean values of HDLC (0.68 mmol/l) and TAS (2.37 mmol/l) in the control group were however significantly higher (p ! 0.01) than those of the test group (HDLC = 0.41 mmol/l, TAS = 0.36 mmol/l). Ex- Histology A kidney section from the exposed group was characterized by glomerular shrinkage, tubular necrosis and atrophy while the liver section showed congestion necrosis, fibrosis, collagen deposition and dystrophic changes.
Discussion
A significant decrease in TAS in rats exposed to Cd was observed when compared with the corresponding control. This observed decrease in the mean TAS of exposed animals could be due to the participation of the body's antioxidant system in combating the increased free radical load and probably the resultant oxidative stress created by the Cd toxicity in rats exposed to intraperitoneal injection of Cd. A previous study [23] had shown an increased free radical load, increased level of peroxidation products and reduced level of glutathione in rabbit models after chronic exposure to Cd. Antioxidants are known to prevent, protect and repair free-radical-mediated damage. Reports from Pari and Murugavel [13] suggest that diallyl tetrasulphide present in garlic attenuates the lipid peroxidation and alteration of antioxidant and membrane-bound enzymes in Cd-exposed rats, which suggests that diallyl tetrasulphide protects the brain function from toxic effects of Cd.
In the present study, significant increases in mean TC, TG and LDLC fractions were observed in Cd-exposed rats when compared with the respective means of the corresponding control group. Some studies involving the administration of Cd in animal models have demonstrated similar increases in TC, TG and LDLC fractions. Murugavel and Pari [15] showed that subcutaneous administration of 3 mg/kg body weight Cd to Wistar rats for 3 weeks resulted in significant increases in mean plasma TC, TG, free fatty acids and phospholipids. A vast amount of evidence has confirmed that Cd exposure is associated with a number of distinct pathological changes including dyslipidaemia [11, 15] . The mean plasma HDLC concentration was significantly higher (p ! 0.01) in control compared to the corresponding mean value in Cd-exposed animals in this study.
HDLC is usually referred to as the 'good cholesterol' because of its ability to drive the reverse cholesterol transport process which tends to extract excess cholesterol deposited in blood vessel walls and deliver it back to the liver for catabolism [24] . In general, Boisset et al. [25] suggested that liver diseases resulting from exposure to tox- Color version available online ic Cd could reduce HDLC levels, cause dyslipidaemia and affect the beneficial functions of HDLC. Stained histological sections of the liver in the present study showed that exposure of rats to Cd caused several notable histological changes such as congestion necrosis, fibrosis and dystrophy similar to the observations of Friberg [26] in the liver of rabbits administered subcutaneously with Cd. Tarasenko et al. [27] also reported dystrophic changes after intragastric administration of Cd while Shaikh et al. [10] observed amyloid deposition on liver cells exposed to Cd.
The kidney section of rats in this study was characterized by glomerular shrinkage, tubular necrosis and atrophy similar to a decline in the glomerular filtration rate of rats treated parenterally with CdCl 2 reported by Uriu et al. [28] . While prolonged exposure resulted in progressive sclerosis with impairment of glomerular filtration, Jarup et al. [8] also showed that changes as a result of Cd administration resulted in cellular atrophy, interstitial fibrosis and glomerular sclerosis.
Conclusion
This study confirmed previous findings that Cd can adversely affect lipid and lipoprotein profile via lipid peroxidation. Therefore, workers in occupations exposed to Cd should take adequate precautionary measures to minimize contact with such metals.
